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(57) ABSTRACT

The object of the present invention 1s to provide an inductive
thermal fusing device that 1s reduced in size and weight
based on a smaller closed magnetic circuit 1ron core. In order
to attain this object, the present invention comprises a closed
magnetic circuit iron core that forms a closed magnetic
circuit, an i1nductive coil 14 that 1s wound such that it 1s
linked to the closed magnetic circuit iron core and generates
a magnetic flux that causes an inductive current that flows
around the circumference of the conductive member, a
power supply 50 that provides AC voltage to the mductive
coil 14, a voltage detection means 7 that detects the voltage
of the power supply 50, and a frequency changing means
(first through fourth SSRs 51 through 54 and a CPU §) that
changes the frequency of the AC voltage applied to the coil
14 based on the detected voltage.

18 Claims, 6 Drawing Sheets
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1
INDUCTIVE THERMAL FUSING DEVICE

RELATED APPLICATION

This application 1s based on application No. H11-202021
filed 1n Japan, the entire content of which is hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to a fusing device used in
a copier, printer or facsimile machine based on the electro-
photographic method, for example, and more particularly to
a fusing device that fuses a toner 1mage onto a recording
medium by means of inductive heating.

2. Description of the Related Art

A fusing device that fuses onto a sheet of paper or transfer
medium comprising a recording medium a toner 1mage held
on them 1s mounted in an 1mage forming apparatus such as
a copier, printer or facsimile machine that uses the electro-
photographic method.

Various methods are used by the fusing device, but in
response to the recent demand for low energy consumption,
fusing devices employing the inductive heating method,
which offers a higher conversion efficiency than that avail-
able 1n devices that use a halogen lamp as the heat source,
have been proposed.

Fusing devices that use the inductive heating method
have, as disclosed in Japanese Laid-Open Patent Application
He1 10-207265, a fixed or movable hollow conductive
member, a closed magnetic circuit 1ron core, part of which
1s 1nserted 1nto the empty space of the conductive member
and which forms a closed magnetic circuit, and an inductive
coil that 1s wrapped around the closed magnetic circuit 1ron
core, such that the flow of electric current in the inductive
coll generates a magnetic flux that gives rise to an inductive
current that flows around the circumiference of the conduc-
five member, thereby inductively heating the conductive
member.

However, fusing devices using this type of inductive
heating method have the problem that the closed magnetic
circuit 1ron core 1nside them requires that space for their
mounting be created inside the device, making them large 1n
size. In addition, because the closed magnetic circuit iron
core 1s heavier than a halogen lamp, the member used to hold
it must be sutficiently rigid to hold this weight, making the
device more expensive.

Further, roller-type fusing devices also have the problem
that because the roller diameter increases to accommodate
the cross-sectional area of the closed magnetic circuit 1ron
core, the curvature of the roller 1s large, and 1t consequently
becomes difficult to separate the paper from the roller.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide an
inductive thermal fusing device 1n which the fusing device
itselfl may be made more compact and lightweight by
reducing the size of the closed magnetic circuit iron core,
and 1n which the separability of the paper based on the roller
curvature may be improved where rollers are used.

These and other objects are attained by means of an
inductive thermal fusing device comprising:

a cylindrical conductive member for applying heat to a
recording medium holding toner;

an 1ron core which 1s inserted 1nto the empty space inside
the conductive member;
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a coil wrapped around the iron core and along the length
of the empty space 1nside the conductive member;

a power supply for supplying AC voltage to the coil; and

a modulator for changing the frequency of the AC voltage
provided by the power supply.

These and other objects are also attained by the inductive
thermal fusing device described above, said device further
comprising a pressure member for directly or indirectly
pressing the recording medium onto the conductive member,

These and other objects are also attained by the inductive
thermal fusing device described above, said device further
comprising a voltage detection circuit for detecting the
voltage provided to the coil by the power supply, wherein
the modulator changes the frequency based on the results of
the detection by the voltage detection circuit.

These and other objects are also attained by the inductive
thermal fusing device described above, wherein the modu-
lator further has solid state relays connected in a bridge
fashion and a CPU for controlling their switching, the
detection circuit has a voltage detection resistor in which a
prescribed voltage level 1s set and an operational amplifier
for comparing the voltage level set 1in the voltage detection
resistor and the level of voltage provided and rectified by the
power supply, and outputs the result of the comparison to the
CPU, and the CPU controls the switching of the solid state
relays based on this output.

These and other objects are attained by means of an 1mage
forming apparatus comprising:

a toner 1mage forming unit for forming a toner 1image on
a photoreceptor;

a transfer unit for transtering the toner 1mage formed on
the photoreceptor onto a recording medium;

a power supply for providing AC voltage;
a modulator for changing the frequency of the AC voltage
provided by the power supply; and

a fusing unit for fusing the toner image transferred to the
recording medium onto the recording medium, wherein the
fusing unit comprise

a cylindrical conductive member for applying heat to a
recording medium holding toner;

an 1ron core which 1s 1nserted 1nto the empty space inside
the conductive member;

a coil connected to the power supply and wrapped around
the 1ron core and along the length of the empty space inside
the conductive member; and

a pressure member for directly or indirectly pressing the
recording medium onto the conductive member.

These and other objects are also attained by means of an
inductive thermal fusing device comprising:

a fixed or movable hollow conductive member;

a pressure member for directly or indirectly pressing the
recording medium holding toner onto the conductive mem-
ber;

a closed magnetic circuit 1ron core, part of which 1s
inserted 1nto the empty space of the conductive member, and
which forms a closed magnetic circuit:

an 1nductive coil that 1s wrapped around the closed
magnetic circuit 1ron core, such that it 1s linked to the 1ron
core, said coil generating a magnetic flux that gives rise to
inductive current that flows around the circumference of the
conductive member;

a power supply for providing AC voltage to the inductive
coil; and
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a modulator for modulating the frequency of the AC
voltage provided to the inductive coil by the power supply.

These and other objects are also attained by the inductive
thermal fusing device described above, wherein the modu-
lator comprises a voltage detection circuit that detects the
AC voltage provided to the inductive coil by the power
supply and modulates the frequency of the voltage provided
to the inductive coil by the power supply based on the
voltage detected by the voltage detection circuit.

These and other objects are also attained by the inductive
thermal fusing device described above, wherein the modu-
lator comprises a current detection circuit that detects the
electric current that flows 1n the inductive coil due to the
power supply and modulates the frequency of the voltage
provided to the inductive coil by the power supply based on
the electric current detected by the current detection circuit.

The 1nvention itself, together with further objects and
attendant advantages, will best be understood by reference
to the following detailed description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the basic construction of a copying machine
in which the inductive thermal fusing device pertaining to
the present invention 1s used.

FIG. 2 1s a drawing showing the construction of the
inductive thermal fusing device.

FIG. 3 1s a cross-sectional view showing the important
components of the inductive thermal fusing device.

FIG. 4 1s a diagram of the power supply circuit in the
inductive thermal fusing device.

FIG. § 1s a drawing showing the current waveforms at
points (a), (¢) and (d) in FIG. 4 and the signal waveform at
point (b).

FIG. 6 1s a cross-sectional view showing a roller-type
inductive thermal fusing device.

In the following description, like parts are designated by
like reference numbers throughout the several drawings.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment of the present invention i1s explained
below with reference to the accompanying drawings.

FIG. 1 shows the basic construction of a copying machine
comprising an image forming apparatus incorporating the
inductive thermal fusing device pertaining to the present
invention. The copying machine 100 has, as shown 1n the
drawing, an image scanner 101 that reads the original
document, a signal processor 102 that performs signal
processing, a printer 103 that prints out the 1mage corre-
sponding to the original document image read by the 1mage
scanner 101 onto a sheet 10 comprising a recording medium,
and a casing 104 that houses these various components.

In the 1mage scanner 101, the original document placed on
the platen glass 105 1s pressed by the platen cover 106, but
when an automatic original document feeder—which is not
shown 1n the drawing—is mounted, the automatic original
document feeder replaces the platen cover 106. The original
document on the platen glass 1035 1s 1lluminated by the lamp
107, and the light reflected by the original document forms
an 1mage on the CCD line image sensor 110 via the mirrors

1084, 108b and 108¢ and convergence lens 109, and is then
converted mto 1mage information and sent to the signal

processor 102. The first slider 112 and the second slider 113
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mechanically move in the direction perpendicular (the sec-
ondary scanning direction) to the electric scanning direction
(the main scanning direction) of the line image sensor 110
based on the driving of the scanner motor 111, and scans the
entire surface of the original document. During this
scanning, the first slider 112 moves at a speed (v) while the
second slider 113 moves at a speed (v)/2.

The signal processor 102 electrically processes the signals
read by the line sensor 109 and sends them to the printer 103.
The printer 103 has a laser generator 115 and a photorecep-
tor drum 116 comprising an 1mage carrier, and around the
rotating photoreceptor drum 116 are located a charger roller
117 comprising a charging device, a developing device 118,
a transfer roller 119 comprising a transfer device, a dis-
charge pole 120 comprising a discharge and separation
device for the sheet 10, and a cleaning device 121 that
removes the toner remaining on the photoreceptor drum 116.
The laser generator 115 drives and modulates the semicon-
ductor laser 1n response to the level of the 1mage signal sent
from the signal processor 102. A laser beam 1s 1irradiated
onto the photoreceptor drum 116 1n the arca between the
charger roller 117 and the developing device 118 by means
of a polygon mirror, £-0 lens and reflection mirror not shown
in the drawing. The static latent image formed on the
photoreceptor drum 116 1s developed using toner by means
of the developing device 118.

On the other hand, multiple stacked sheets 10 are housed
in the paper supply cassette 125 detachably mounted to the
casing 104. The sheets 10 1n the paper supply cassette 125
are drawn 1n and supplied by the paper supply roller 126 one
by one and sent towards the transfer position between the
photoreceptor drum 116 and the transfer roller 119 at a
prescribed time by the timing roller 127. The 1image devel-
oped on the photoreceptor drum 116 1s transterred onto the
sheet 10 by the transfer roller 119. The sheet 10, having
undergone transfer, 1s separated from the photoreceptor
drum 116 and conveyed towards the fusing device 128 by
the conveyor belt 129. The unfused toner transferred to the
sheet 10 1s fixed and fused by the fusing device 128, and the
sheet 10, on which toner 1s now fused, 1s ejected onto the
paper eject tray 129. The fusing device 128 of this embodi-
ment uses the low-frequency inductive heating method, and
its construction 1s described below.

When 1mage transfer onto the sheet 10 1s finished by the
transfer roller 119, the surface of the photoreceptive drum
116 1s charged by a pre-cleaner charger, which 1s not shown
in the drawing, so that its polarity becomes negative. The
residual toner 1s then removed by the cleaning device 121,
and the residual charge 1s removed by the eraser. The surface
of the photoreceptive drum 116 is then charged again by the
charger roller 117. A latent image 1s formed by means of the
laser beam, the image 1s developed by the developing device
118, and the charge 1n the non-developed areas 1s removed
by a pre-transfer eraser, which 1s not shown in the drawing.

FIG. 2 shows the construction of the inductive thermal
fusing device, and FIG. 3 1s a cross-sectional view showing
important components of this fusing device. The inductive
thermal fusing device 128 bonds the toner 11 held on the
sheet 10 onto the sheet 10 by heating and melting the toner,
and comprises a hollow temperature increasing member 12
fixed so that it does not rotate (this comprises the conductive
member), a pressure roller 13 that indirectly presses the
sheet 10 holding the toner onto the temperature increasing
member 12 (this comprises the pressure member), a con-
veyor belt 20 that 1s located between the fixed temperature
increasing member 12 and the pressure roller 13 and con-
veys the sheet 10, and an inductive coil 14 that performs
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inductive heating of the temperature increasing member 12
(hereinafter simply called ‘the coil’). The conveyor belt 20
1s located so that 1t can move 1n the direction of the arrow
(a) n FIG. 2, and the pressure roller 13 rotates as the
conveyor belt 20 and the sheet 10 move.

The temperature increasing member 12 comprises a con-
ductive hollow pipe. It 1s formed using a carbon steel pipe,
stainless alloy pipe, aluminum pipe or iron pipe, for
example, and has a thickness that ensures a suflicient
mechanical strength against the pressure from the pressure
roller 13 and allows a sufficient thermal capacity. Both ends
of the temperature increasing member 12 are fixed to the
frame of the fusing unit, which 1s not shown 1n the drawings.
In particular, the temperature increasing member 12 1is
formed to have a rectangular configuration so that the
surface that faces the pressure roller 13 comprises a flat part
21. This flat part 21 increases the nipping width or nipping,
arca N that holds the sheet 10 between the temperature
increasing member 12 and the pressure roller 13. The
pressure roller 13 comprises a core shaft 15 and a silicone
rubber layer 16 that 1s formed around the core shaft 15. The
silicone rubber layer 16 i1s a rubber layer that allows the
sheet 10 to easily separate from its surface is heat-resistant.
The pressure roller 13 1s pressed in the direction of the
temperature 1ncreasing member 12 by means of a spring
member not shown 1n the drawings.

The conveyor belt 20 1s wrapped around the outer cir-
cumiference of the rectangular temperature increasing mem-
ber 12, and a drive roller, which 1s not shown in the
drawings, 1s 1n pressure contact with the conveyor belt. The
conveyor belt 20 rotates by means of a drive source, which
1s not shown 1n the drawings, such as a motor connected to
this drive roller, while using the temperature increasing
member 12 as a guide panel. The conveyor belt 20 1s formed
of a pliable 1nsulating material such as heat-resistant resin so
that 1t 1s not mductively heated. In addition, a separating
layer that has good toner separability and heat resistance 1s
formed on the outer surface of the conveyor belt 20 by a
coating of fluororesin so that the sheet 10 may be casily
separated.

The 1nductive thermal fusing device 128 further has a
rectangular core 17, which comprises a closed magnetic
circuit, (this comprises the closed magnetic circuit iron
core), and part of the core 17 runs through the empty space
12a of the temperature increasing member 12. The core 17
1s a so-called 1ron core that 1s used 1n a regular transformer,
and preferably has a high amplitude permeability like the
layered silicon steel plate iron core, for example. The coil 14
1s located around the core 17 and inside the temperature
increasing member 12. The coil 14 comprises wire 18 that 1s
wound 1n a spiral fashion, and the wire 18 comprises a
regular single lead wire that has a fusion layer and a
insulating layer on the surface. There 1s a heat isulating
layer 22 1 the coil 14, so that the heat generated in the
temperature increasing member 12 and the coil 14 1s not
transmitted to the core 17.

The basic operation of the fusing device described above
will now be explained. When AC power 1s applied to the coil
14 from the power supply circuit and an electric current
begins to flow, a magnetic flux that causes an inductive
current to flow around the circumference (the direction of
the arrow (b)) of the temperature increasing member 12 is
ogenerated 1 the core 17. Consequently, the temperature
increasing member 12 1s heated based on low-frequency
induction until it reaches a temperature appropriate for
carrying out the fusing operation (150°-200° C., for
example). The sheet 10 on which unfused toner 11 is held is
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conveyed from the right hand side, as shown by the arrow
(¢) in FIG. 2, and is sent towards the nipping area 19, which
1s the contact arca between the temperature increasing
member 12 and the pressure roller 13. The sheet 10 1is
conveyed while being held by the nipping area 19 and
receives heat from the heated temperature increasing mem-
ber 12, as well as pressure from the pressure roller 13.
Consequently, the unfused toner 11 becomes fused onto the
sheet 10. The toner 11 1s held on the side of the sheet 10 that
comes 1nto contact with the conveyor belt 20. The sheet 10
that has passed through the nipping arca 19 separates
naturally from the conveyor belt 20 due to its own rigidity
and 1s conveyed towards the left hand side in FIG. 2. This
sheet 10 1s conveyed by the eject roller and ejected onto the
paper eject tray 129.

The principle of operation of the inductive thermal fusing,
device having the construction described above 1s 1dentical
to that of a transformer. The coil 14 corresponds to the
primary side coil (N winding) on the input side and the
temperature increasing member 12 corresponds to the sec-
ondary side coil (1 winding) on the output side. When AC
voltage VI is applied to the primary side coil (the coil 14),
an electric current 11 flows 1n the primary side coil. The
magnetic flux ¢ that 1s consequently generated flows 1n the
core 17 that forms a closed magnetic circuit, which then
generates an 1nductive electromotive force V2 1n the sec-
ondary side coil (the temperature increasing member 12),
and an electric current 12 flows around the circumference of
the temperature increasing member 12. Because a closed
magnetic circuit 1s formed, theoretically there 1s no leak of
the magnetic flux, and the primary side energy V1x11 and
the secondary side energy V2x12 become essentially the
same. The areas that generate heat 1n this system based on
this inductive heating are (1) the coil due to the copper loss
in the copper wire of the primary side coil, 1.e., heat
generation from the coil 14 itself, (2) the coil due to the
copper loss 1n the copper wire of the secondary side coil, 1.e.,
heat generation from the temperature increasing member 12
due to the inductive heating, and (3) the core 17 due to the
Joule heat loss and hysterisis loss that occur inside the core.
In the mductive thermal fusing device, the first and third
types of heat generation 1s conftrolled to the minimum
possible because 1t results 1n energy loss while heat genera-
tion from the temperature increasing member 12 1s caused
using the second copper loss.

FIG. 4 1s a drawing showing the construction of the circuit
to supply power to the coil 14. As shown 1n the drawing, first
through fourth SSRs (solid state relays) 51 through 54,
which comprise switches, are connected to the coil 14 1n a
bridge fashion, and the AC voltage from the power supply
50 1s supplied based on the switching operation of these
SSRs 51 through 54. This circuit also has a voltage detection
means 7 that detects the AC voltage output from the power
supply 50. The power from a commercial power supply
(such as AC100V/50 Hz power) is supplied to the power
supply 50 as 1s. The device pertaining to the present inven-
tion 1s an 1nductive thermal fusing device that uses such a
low-frequency AC power supply. Here ‘low-frequency’
refers to a range within approximately 40 Hz to 70 Hz.

Switching of the SSRs 51 through 54 1s performed based
on control signals from the CPU 5. The first SSR 51 and the
fourth SSR 54 are switched as a pair, as are the second SSR
52 and the third SSR 53. Based on this switching operation,
the direction of the electric current applied to the coil 14 1s
changed back and forth. SSRs are used here 1 order to
prevent noise from the commercial power supply from
entering the electric system such as the CPU and other
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control systems, and to prevent the power from the com-
mercial power supply from directly entering other electric
systems 1n the cause of failure, because the power from a
commerclal power supply 1s used directly to supply power
to the coil. However, so long as control can be performed so
that the electric system for the inductive coil and other
clectric systems can be electrically separated, anything, such
as photocouplers, for example, may be used instated of
SSRs.

The voltage detection means 7 comprises a transformer 2,
a rectifying circuit 3 and a voltage level detection circuit 4.
The voltage level detection circuit 4 indirectly detects the
AC voltage applied to the coil 14 from the power supply 50.
The AC voltage from the power supply 50 (100 V) 1s stepped
down to 5 V by means of the transformer 2, and undergoes
full wave rectification by means of a single phase bridge
rectifying circuit 3 comprising multiple diodes. The voltage
level detection circuit 4 compares the voltage set by the
voltage detection resistor 4a and the post-rectification volt-
age level by means of an operational amplifier 4b, and
outputs an ON or OFF signal based on whether the post-
rectified voltage level equals or exceeds a certain level.
Here, where the post-rectification voltage level equals or
exceeds a certain level, an OFF signal 1s output, and where
it 15 less than a certain level, an ON signal 1s output. The
signal output from the operational amplifier 4b 1s 1input to the

CPU 8.

The CPU 35 detects the edges of the ON or OFF signal
from the operational amplifier 4b, and switches the SSRs 51
through 54 when an edge 1s detected. Where the first SSR 51
and the fourth SSR 554 are ON and the second SSR 52 and

the third SSR 33 are OFF, for example, the state 1s inverted
when an edge 1s detected, so that the first SSR 51 and the
fourth SSR 54 become OFF and the second SSR 52 and the
third SSR 53 become ON. When the next edge 1s detected,

this state 1s mverted once more.

FIG. 5 1s a drawing showing current waveforms at points
(a), (¢) and (d) 1n the circuit drawing of FIG. 4, and a signal
waveform at point (b). The horizontal axis represents time.
At point (a), post-full wave rectification electric current 1s
flowing. The voltage detection resistor 4a 1s set to the
voltage level at point (a) at the time al, which is the 1/6 cycle
point of 50 Hz AC voltage. By doing so, the signal wave-
form at point (b) becomes OFF at the time al at which the
AC voltage at point (a) reaches or exceeds the level attained
at the 1/6 cycle point after increasing from the initial OV (1),
becomes ON at the time a2 when the AC voltage at point (a)
decreases below the level at the 1/6 cycle point (2), and
becomes OFF at time point a3 when the AC voltage at point
(a) reaches or excess the level at the 1/6 cycle point (3).
Subsequently, ON and OFF signals repeatedly appear based
on whether or not the AC voltage at point (a) equals or
exceeds the level at 1/6 cycle point. At point (c), the AC
voltage of the power supply 50 appears as 1s.

At point (d), switching of the SSRs 51 through 54 is
performed by the CPU 3 that receives the output signal from
the operational amplifier 4b, so that an electric current in
which the direction of the current changes every 1/6 cycle
point, 1.¢., an electric current having a frequency three times
larger than 50 Hz, 1s obtained. The electric current at this
point (d) 1s the power that 1s applied to the coil 14, and
therefore, an 150 Hz AC voltage 1s applied to the coil 14.
The mmductive heating by means of short current 1s appro-
priately performed by making a low-frequency AC voltage
of 40 Hz through 70 Hz to approximately ten times or more
lower.

The operation that occurs in this embodiment will be
explained below. Here, the relationship between the density
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of the magnetic flux formed 1n the core 17 and the frequency
of the AC voltage applied to the coil will first be explained.
Theoretically, the density B of the magnetic flux formed in
the core is obtained using the following formula (1), assum-
ing that there 1s no leakage.

B=V1/ (4.44xfxNxS) (1)

Here, V1 is the AC voltage applied to the coil, (f) is the
frequency of the AC voltage applied to the coil, N 1s the
widing number of the coil, and S 1s the cross-sectional area
of the core. If the frequency (f) 1s made (n) times larger, the
magnetic flux density B'is obtained through the equation (2)
below.

B'=V1/(4.44xnfxNxS) (2)

If the magnetic flux density B' 1s made the same as B 1n
the equation (1) (i.e., B'=B), the cross-sectional area S of the
core 1s expressed in the equation (3) below.

S/n=B'x((4.44xfxN1)/V1) (3)

Therefore, by making the frequency of the AC voltage
applied to the coil (n) times larger, the cross-sectional area
S of the core becomes 1/(n). Since the frequency is made
three times larger than that of the commercial power supply
in this embodiment, the cross-sectional area of the core can
be made approximately one third of the area when the
commercial power supply 1s used as 1s, which contributes to
making the entire fusing device smaller and lighter.

In this embodiment, the temperature increasing member
12, through which the core 17 extends and which performs
inductive heating, has an essentially rectangular
conilguration, but the present invention 1s not limited to this
configuration. For example, the temperature increasing
member may comprise a cylindrical roller as shown 1n FIG.
6, for example. In this case, the roller 112 comprises the
conductive member, and part of the core 17 and coil 14
wound around the core 17 are located inside the roller 112,
so that the roller 112 1s inductively heated. The roller 112 1s
supported so that 1t can freely rotate, and rotates by means
of a drive means not shown 1n the drawing. The surface of
the roller 1s coated with fluororesin so that the sheet may
casily separate from the roller. In FIG. 6, because the other
components are 1identical to those shown 1n FIG. 2, the same
numbers are used for them, and they will not be explained.

By applying the present invention in such a roller type
inductive thermal fusing device, the cross-sectional area of
the core 17 located inside the roller 112 may be made
smaller and the diameter of the roller 112 itself may there-
fore be reduced, thereby reducing the curvature of the roller
surface and helping the sheet to separate more easily from
the roller.

In the embodiment described above, switching of multiple
SSRs 1s performed based on the detection of the power
supply voltage, but the same operation may be performed 1t
the amount of electric current 1s detected instead. In the
present 1nvention, a frequency higher than that of the com-
mercial power supply 1s obtained through the switching of
multiple SSRs. This 1s carried out for the purpose of
reducing energy loss. Therefore, in 1mplementing the
present 1vention, other devices such as inverters may be
used 1nstead so long as the energy loss 1s small.

As explained above, using the present mnvention, because
the frequency of the AC voltage applied to the inductive coil
may be changed by means of a frequency changing means
so that the frequency 1s increased, if the density of the
magnetic flux formed in the core remains the same, the
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cross-sectional area of the core may be made smaller.
Therefore, the entire fusing device may be made smaller and
lighter. In addition, because such a construction makes 1t
unnecessary to use a highly rigid support member, cost
reduction 1s also attained. Furthermore, by being able to
reduce the cross-sectional area of the core, the diameter of
the roller may also be reduced 1n a roller-type fusing device,
allowing the curvature of the roller surface to be made
smaller and contributing to better separation between the
recording medium and the roller.

Although the present 1invention has been fully described
by way of examples with reference to the accompanying
drawings, it 1s to be noted that various changes and modi-
fications will be apparent to those skilled i the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be
construed as being included therein.

What 1s claimed 1s:

1. An inductive thermal fusing device comprising:

a conductive member for applying heat to a recording
medium holding toner;

an 1ron core which forms a closed loop, and part of which
1s 1nserted nto an empty space 1nside the conductive
member;

a coll wrapped around the 1ron core and along the length
of the empty space inside the conductive member;

a power supply for supplying AC voltage to the coil; and

a modulator for changing the frequency of the AC voltage

provided by the power supply.

2. The inductive thermal fusing device according to claim
1, wherein a magnetic flux 1s generated along the length of
the empty space by having the power supply generate an
clectric current to flow 1n the coil.

3. The inductive thermal fusing device according to claim
2, wherein the flow of alternating current 1n the coil caused
by the power supply causes the magnetic flux to generate an
inductive current that flows around the circumierence of the
conductive member.

4. The mnductive thermal fusing device according to claim
3, wherein the conductive member generates heat based on
the 1inductive current.

5. The 1inductive thermal fusing device according to claim
1, said device further comprising a pressure member for
directly or indirectly pressing the recording medium onto the
conductive member.

6. The inductive thermal fusing device according to claim
1, wherein the conductive member has a cylindrical con-
figuration.

7. The inductive thermal fusing device according to claim
1, said device further comprising a voltage detection circuit
for detecting the voltage provided to the coil by the power
supply, wherein the modulator changes the frequency based
on the results of the detection by the voltage detection
circuit.

8. The inductive thermal fusing device according to claim
1, wherein the modulator has a current detection circuit that
detects the current that flows 1n the coil due to the power
supply, and changes the frequency based on the results of the
detection by the current detection circuit.

9. The inductive thermal fusing device according to claim
1, wherein the frequency of the voltage provided by the
power supply 1s 1n the range of 40 to 70 Hz.

10. The inductive thermal fusing device according to
claim 9, wherein the power supply 1s connected to a com-
mercial power supply and the modulator increases the
frequency of the voltage taken from the commercial power

supply.
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11. The inductive thermal fusing device according to
claim 10, wherein the modulator increases the frequency of
the voltage from the commercial power supply by a maxi-
mum of tenfold.

12. The inductive thermal fusing device according to

claim 1, wheremn the iron core forms a closed magnetic
circuit that 1s linked to the conductive member.

13. An mductive thermal fusing device comprising:

a conductive member for applying heat to a recording
medium holding toner;

an 1ron core which 1s 1nserted into an empty space inside
the conductive member;

a coll wrapped around the iron core and along the length
of the empty space 1nside the conductive member;

a power supply for supplying AC voltage to the coil;

a voltage detection circuit for detecting the voltage pro-
vided to the coil by the power supply; and

a modulator for changing the frequency of the AC voltage
provided by the power supply based on the results of
the detection by the voltage detection circuit,

wherein the modulator further has solid state relays con-
nected m a bridge fashion and a CPU for controlling
therr switching, the detection circuit has a voltage
detection resistor 1n which a prescribed voltage level 1s
set and an operational amplifier for comparing the
voltage level set 1n the voltage level set 1n the voltage
detection resistor and the level of voltage provided and
rectified by the power supply, and outputs the result of
the comparison to the CPU, and the CPU controls the
switching of the solid state relays based on this output.
14. The inductive thermal fusing device according to
claim 13, wherein the modulator changes the frequency by
changing the voltage level set in the voltage detection
resistor.
15. An 1mage forming apparatus comprising:

a toner 1mage forming unit for forming a toner 1image on
a photoreceptor;

a transfer unit for transferring the toner 1mage formed on
the photoreceptor onto a recording medium;

a power supply for providing AC voltage;

a modulator for changing the frequency of the AC voltage
provided by the power supply; and

a fusing unit for fusing the toner image transferred to the
recording medium onto the recording medium, wherein
the fusing unit comprises
a cylindrical conductive member for applying heat to a

recording medium holding toner;

an 1ron core which forms a closed loop, and part of
which 1s inserted into an empty space inside the
conductive member;

a coil connected to the power supply and wrapped
around the 1ron core and along the length of the
empty space mside the conductive member; and

a pressure member for directly or indirectly pressing
the recording medium onto the conductive member.

16. An mnductive thermal fusing device comprising;

a fixed or movable hollow conductive member;

a pressure member for directly or indirectly pressing a
recording medium holding toner onto the conductive
member;

a closed magnetic circuit 1ron core, which forms a closed
loop, part of which 1s inserted 1nto an empty space of
the conductive member, and which forms a closed
magnetic circuit;
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an 1nductive coil that 1s wrapped around the closed
magnetic circuit iron core 1nside the conductive
member, such that 1t 1s linked to the 1ron core, said coil
generating a magnetic flux that gives rise to the mduc-
tive current that flows around the circumierence of the
conductive member;

a power supply for providing AC voltage to the inductive
coil; and
a modulator for modulating the frequency of the AC
voltage provided to the inductive coil by the power
supply.
17. The inductive thermal fusing device according to
claim 16, wherein the modulator comprises a voltage detec-
tion circuit that detects the AC voltage provided to the

10
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inductive coil by the power supply and modulates the
frequency of the voltage provided to the inductive coil by the
power supply based on the voltage detected by the voltage
detection circuit.

18. The inductive thermal fusing device according to
claim 16, wherein the modulator comprises a current detec-
tion circuit that detects the electric current that flows 1n the
inductive coil due to the power supply and modulates the
frequency of the voltage provided to the inductive coil by the
power supply based on the electric current detected by the
current detection circuit.
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